Background: STEM education needs to begin in primary schools and should aim to prepare young people for active participation in their future. To produce a generation interested and skilled in STEM, the key foci within schools may best occur through teams of teachers working together in an integrated approach, based on crosscurricular teaching and learning. Teachers play a key role in STEM education, and it is important to attract high achievers with relevant backgrounds into teaching. This research study focused on the beliefs, understandings, and intentions of pre-service primary teachers to teach STEM. These beliefs, understandings, and intentions form the platform on which the pre-service teachers build their capacity to teach STEM subjects in primary schools.
Introduction
What is taught in schools is based on thoughtful considerations about what young people will need in order to grow, develop, and thrive as they meet the challenges associated with their lives. While young people must be able to react in strategic ways to these challenges, they need to also be proactive and drive change. They need to be equipped to design the future. Obviously, this is a big ask for schools, but it is a requirement of a democratic society that needs to be met (Kalantzis and Cope 2012) . An education for the twenty-first century demands skills in science, technology, engineering, and mathematics (STEM) to deal with challenging complex situations, and these capabilities need to be developed from as early as primary school (NRC 2015) . Early interest and appropriate experiences can influence and foster interest in STEM. Integrated approaches to teaching and learning and teacher preparation are key aspects to be focused on to produce a responsible generation that is interested and skilled in STEM. It is important to attract high achievers and boost the rigour of STEM within primary school teaching and pre-service teacher preparations (Prinsley and Johnston 2015) . Pre-service teachers need subject matter knowledge, pedagogical content knowledge (PCK), and expertise to innovate and deal with STEM in their own future classrooms (Abell 2007 (Abell , 2008 . Further, there is a need in pre-service teacher education to deal with PCK development as an opportunity for creative and innovative practices in classrooms. Professional learning should be able to translate to a professional knowledge competency to deal with STEM in their future teaching (Berry et al. 2008 ; Lee et al. 2007) .
Current practices, education goals, and policies of STEM education internationally lack a proper framework at the moment and need a greater focus for producing technologically competent and informed citizens (Zeidler 2016) . Many of the stakeholders in society are advocating for the need for STEM knowledge and capabilities to be developed at school. STEM capabilities are defined as the capabilities that are derived from an integration and synthesis of knowledge bases from what has previously been separate specialised disciplines and bodies of knowledge, i.e. science, technology, engineering and mathematics. Organisations like the Foundation for Young Australians (FYA) have conducted and disseminated research to suggest that a new work order is emerging and that as many as 75% of all the jobs in the future will involve STEM capabilities (Foundation for Young Australians 2017). Accordingly, there is an urgent need to educate our students, parents, and teachers about STEM-related challenges to deal with lifestyle and workplace changes using efficient and viable technologies (Tobin 2016) . STEM has significance in everyday practices, valorisation of knowledge, language choice, and different forms of engagement of individuals. Different domains of STEM practice for everyday life, school, and STEM disciplines are required (Civil 2016) .
The workplace of the future is being variously described as Industry 4.0 (Germany and Europe), Industrial Internet Consortium (USA), and Industrial Value Chain Initiative (Japan and Asia). These terms refer to developing approaches to work where whole supply chains, work, and production processes are enhancing efficiency and effectiveness through increased digitalisation. Increasingly, workplaces are using sensors and actuators to fine-tune and regularise their workflow and processes. A never-ending flow of data is being collected and turned into digital information. This information is being communicated across the internet and cloud computing systems. The workers in these workplaces are utilising this information making decisions and taking appropriate actions. Hence, Industry 4.0 is about generating and collecting data as digital information from across a network of stages and steps in the value chain that is all interconnected. It includes an increasing use of automation, robotics, digital information, big data, the internet, large-scale computing, and cyber-social systems (Graube and Mammes 2018) . In STEM education, these aspects connect with the six principles identified by Falk et al. (2016) for improving STEM learning and generate interest among primary and secondary school children for their capacity building. The six principles are as follows: learning should reflect a lifelong process; STEM content is worth learning, examine learning as a cultural process involving everyday experiences, involve practitioners and learners in the research process, emerging technology and new needs will continue to shape contents and practices of STEM, and considerations should be given to broader sociocultural and political contexts. STEM should provide skills and capacity for individuals to deal with modern life efficiently in terms of technology, science, and ethics. Media and technologies provide major influences in understanding the world including knowledge and interest in subjects, and learning in school and in out-of-school contexts (Falk and Needham 2013; NRC 2015) . More recently the idea of an educational infrastructure has been reframed by STEM educators using the concept of ecosystem of social networks, peers, educators, friends, and families for in school and out-of-school contexts of learning (NRC 2015) .
It is also important to empower students to deal responsibly with issues associated with changing and appropriate use of technology, and education should address understanding as well as societal implications of democratic informed decisions and actions (Schreiner et al. 2005) . Likewise, Perkins (2014) uses the concept of "life-worthy learning" to discuss an approach to Kurup et al. International Journal of STEM Education (2019) 6:10 Page 2 of 14 educating young people for a changing world. Levinson et al. (2012) argue that if students are provided with authentic scenarios in which decision-making involves considerations of different viewpoints, they will be more responsible and look to make democratic decisions. In reality, students should be capable of using their knowledge, not just in a scientific context but also for societal and environmental needs (Fernández-Manzanal et al. 2007) , and Slaughter's (1996) categories for future planning scenarios of predict, prefer, possible, promise, and precedent will prove a useful framework in civic democratic decision-making. It is a big ask for our teachers and our schools to prepare our young people for these contemporary and future workplaces-this is their mission. Curriculum decisions are being made about what preparing our students for these workplaces looks like in the context of primary, secondary, and post-compulsory education. But at the very least, it will involve key aspects of digital literacy such as writing code and analysing and representing data. In addition, it will also involve reasoning, making judgements, problem-solving, decision-making, and communication skills (Foundations for Young Australians 2015; Hajkowicz et al. 2016) . With this in mind, this current study asks primary teachers how well prepared they feel they are to teach STEM. Future primary teachers should have competency and confidence to teach STEM education connected to the daily lives of their learners. Future teachers are expected to have clarity with coursework, understanding of pedagogy, and performance indicators. All forms of STEM experiences such as school-based activities and out-of-school activities like workplace visits play a vital role in a successful education program (Shah et al. 2018) . Further, a real-life relevance and its connections to school programmes could, in the long run, help future STEM workforce with the twenty-first century competencies focused on innovations (Kitchen et al. 2018 ).
Conceptual framework
STEM education policies should make clear concept and procedural connections for the purpose of developing instructional material and implementing teaching practices. This should be configured to the four-dimensional framework of purpose, policy, program, and practices formulated for STEM education by Bybee (2013) . New research paradigm and approaches should be created by stepping back and looking more holistically at questions of the what, when, where, why, how, and with whom STEM learning is needed. These research designs need to cut across the diverse settings and investigate multiple contexts and media in which learners live and interact . Future STEM education and research needs to be positioned in the life-wide, life-deep, and life-long approach in terms of teaching and learning environment (Rahm 2016) . A very practical approach includes using a suite of the twenty-first century skills to conceptualise and utilise information literacy using STEM education via science, mathematics, technology, and engineering practices (Storksdieck 2016) .
Beliefs and understandings constitute clarity of scientific discourse and assessment of scientific information. Beliefs regarding issues influence a wide range of attitudes concerning science and technology and consequences of the impacts of human activities. Beliefs also lead to the understanding of a person being a part of the natural environment (Schultz 2001) . The interpretation of scientific and technological issues associated with STEM not only requires a platform of scientific knowledge but also positively held beliefs about the reality and impacts (Thomm and Bromme 2012) . Interdisciplinary approaches to democratic civic informed decision-making (Johnson and Adams 2011) align with the Next Generation Science Standards (NGSS Lead States 2013) and National Research Councils' focus on integrating divergent thinking and lead to democratic civic practices for informed decision-making scenarios in classrooms. Such approaches involve different ways of thinking, solving problems, and communicating. Students learn to use a range of technologies to plan, analyse, evaluate, and present their work. They learn the valuable reasoning and thinking skills that are essential for functioning both within and outside the school environment and about creativity, design principles, and processes involved. The nature of learning today is interactive, enabled through the use of the internet where schools take the initiative in designing active learning that emphasises the interaction rather than just the content (Anderson 2004) .
Many issues in STEM education are very complex, and solutions require political, economic, cultural, social, and individual decisions and actions. School science programs should provide for societal participation as a potential for life-long participation in STEM learning that relates to the many varied societal issues faced by our societies today. In this process, teachers and students are required to extend their knowledge of science procedures and connect this to democratic civic decision-making (Fensham 2015 (Fensham , 2016 . The knowledge gained from practical life-oriented and life-related situations and connecting these to daily life would provide students with confidence and competence to function effectively as informed citizens (Ryder 2001 ). An education program targeting STEM issues should encourage students to actively participate in societal issues investigating democratic civic decision-making by selecting suitable contexts that are related to the daily lives of students (Liu et al. 2011; Dede 2009 Dede 2013 . This would provide uninterrupted lifelong learning related to what is important in the day-to-day life and cope with changes in their daily lives (Roth and Lee 2004) . The application of Challenge Based Learning processes begins with a big idea (or issue), followed by an essential question, a challenge, guiding questions, activities, and resources, providing solutions through action based on reflection and assessment and finally publishing to a wider audience (Apple Inc. 2010) .
It is important that teacher education focuses on producing teachers capable of dealing with STEM in their future classroom teaching and learning. This study focuses on identifying the basis of building capacity to teach STEM based on pre-service teachers' overall experience in their university teacher education program and utilises a two-tier conceptual framework for generating a platform (Walker 1971) for and identifying the capacity for pre-service teachers to deal with STEM in their future career. In these two tiers, aspects covered are four-dimensional STEM education (Bybee 2013) , democratic decision-making, willingness of engaging STEM-related issues with ideas of disciplines, and contexts connected to daily life for human knowledge, inquiry, and design. These aspects build capacity in STEM for future teachers in developing programs that will connect to all disciplines with school-based and life-based scenarios. Internationally, there is an increasing trend to prepare STEM-focused schools and competent STEM teachers. Future teachers need to understand STEM for building confidence in teaching STEM which is integrated, interdisciplinary, and connected to the real world.
Tier 1
Pre-service teachers' beliefs, understanding, and intentions regarding STEM based on their present expertise from their course and professional practicum placements in schools will expand their platform to deal with STEM. The basis of this platform is formulated using pre-service teachers' beliefs, understandings, and intentions to teach STEM (Ajzen and Fishbein 1980) . This platform is considered to enable pre-service teachers to build possible capacity to teach STEM with confidence and competence in their future teaching careers.
Tier 2
The aspects considered in tier 1, which will contribute to capacity, is identified in the second tier where they are provided with specific aspects of how to build this capacity. Pre-service teachers provided details of what they observed and practised from the overall experience in their teacher education program which consists of university teaching and learning and professional experience of practicum in schools. They further suggested what they look forward to deal with STEM in their future classroom experience.
Figure 1 provides details and aspects covered in generating a platform and building capacity of pre-service teachers regarding STEM based on tiers 1 and 2.
Purpose and research questions
The purpose of this research was to investigate future primary school teachers' beliefs and understandings regarding STEM, their confidence to teach in this area, and their ability to engage in their future school settings. This is viewed from the perspective of their platform and capacity to deal with STEM in their teaching career. More specifically the research questions were as follows: 
Methods

Instrument
In this research, we studied the response of pre-service teachers based on a questionnaire using the theory of reasoned action (Ajzen and Fishbein 1980) and based on the aspects the Office of Chief Scientist of Australia identified for transforming STEM teaching in Australian primary schools (Prinsley and Johnston 2015) . The instrument contained five items each on beliefs, understandings, and intentions to teach STEM on a 5-point Likert scale (1 strongly disagree to 5 strongly agree), and also, for each section, there were descriptive questions to position the capacity to deal with STEM and what is happening now as well as future needs (Kurup et al. 2017 ). This part generated tier 1 a platform of beliefs, understandings, and intentions to teach STEM, which led to tier 2 building capacity to teach STEM. The descriptive parts of the responses were related to what they believe, understand, and intended while teaching STEM in actual future practices. These responses were read and reread to make different categories, and these were coded accordingly.
Participants
This study is conducted among 119 pre-service teachers from an Australian University, in Melbourne, Australia (male 26, female 83, and 10 who chose not to disclose their gender; some of the pre-service teachers questioned the use of gender in such studies). These pre-service teachers had primary science, mathematics, and design and technology methods in their teaching programs.
Qualitative and quantitative analysis
Qualitative analysis
Paper-based printed questionnaires were given to the participants and collected for analysis. All the descriptive parts of the questionnaire, such as future teachers' beliefs, understanding, intentions, and future expectation, were first read by one of the researchers and made into different categories. Samples of these were cross-checked by another researcher before frequencies of these categories were made by the researcher with expertise in statistics. This rigorous process generated categories in beliefs, understanding, intentions, what is happening now, and future needs. Categories in understanding will be from one among five categories, and details of these categories are described in Tables 1 and 2 . Categories are formulated based on written responses and are described in detail in the following analysis, results, and discussions. Categories formulated were found to be consistent with quantitative responses (tier1) and were thematic. An interpretive practice has been used in formulating categories based on responses regarding beliefs, understandings, intentions, and ideal scenarios for future practices (Holstein and Gabrium 2005) . It was used as a grounded theory approach in formulating scenarios based on data analysis (Charmaz 2005) .
Statistical analysis
The questionnaire items have been described elsewhere (Kurup et al. 2017 ). This study is focused on categorical open questions and first-described frequencies and percentages. Logistic regression models were used to explore the relationship between the response regarding what is happening now and future needs separately with the questionnaire items and the open question coded responses. To examine the more complex relationship among belief, understanding, and intention, partial least squares (PLS) estimation based structural equation model (SEM) was used. SEM is a largely confirmatory, rather than exploratory, technique to determine whether a certain model is valid. SEM is not only used to assess the structural model (path relationships among latent variables) but also to evaluate the measurement model (loadings of observed items on their latent variables). PLS is a well-established technique for estimating path coefficients in SEM accomplished using ordinary least squares (OLS) techniques which have minimal demands on measurement scales, sample size, and residual distributions (Chin and Newsted 1999) . Hence, it is more Fig. 1 Conceptual framework of future primary teachers' platform of capacity to deal with STEM in their future teaching suitable for research with small to medium samples and non-normal distributions. PLS method has gained interest and a corresponding increasing use among researchers (Chin 1998; Compeau and Higgins 1995) .
There is a set of standard goodness-of-fit index for PLS-SEM to measure reliability and validity. For a reflective measurement PLS-SEM, composite reliability (CR), which measures internal consistency, is considered acceptable if its value is greater than 0.7; similarly, factor loadings are also considered acceptable when they are greater than 0.7 and should be eliminated when they are below 0.4. The average variance extracted (AVE) is used to evaluate the discriminant validity and should also be greater than 0.5 for all latent variables. For a structural model, the path coefficients are evaluated first in terms of sign and significance by applying a bootstrapping test. The determination coefficient R 2 is then used to reflect the level or share of the composites' explained variance for established constructs. A bootstrapping procedure was adopted to assess statistical significance. In this study, the inner estimate of the standardised latent variable was accomplished through a path-weighting scheme, and 800 resamples were specified in the bootstrapping procedure.
Results and discussions
Generating a platform of beliefs, understandings, and intentions to teach STEM (tier 1)
This study examined beliefs, understandings, and intention to teach using five questions each on 5-point Likert scale. These aspects taken together are identifying a platform that the pre-service teachers have for STEM. The linking relationship between beliefs, understanding, and intentions to teach STEM recognises the overall picture of their views towards STEM and will contribute to their capacity to teach STEM in their future career. The questionnaire has the basic assumption underlying the theory of reasoned action that humans are quite rational and make use of all available information both personal and social before they act. Behaviour is defined as an overt action under an individual's volitional control and within the individual's capability (Ajzen and Fishbein 1980) . The questions were based on the position paper describing the need for transforming STEM teaching in Australian primary schools by the Office of the Chief Scientist of Australia (Prinsley and Johnston 2015) . Questions on beliefs included about their beliefs regarding STEM in terms of importance, innovation, skills in future, and high-quality specialist teachers to teach in primary schools; questions on understanding focused on attracting high achievers to teaching, including STEM in teacher preparation, professional development, and leadership in primary schools; and questions on intentions to teach STEM included the interest connected to daily life, the ability to apply mathematics, the need for primary teachers to be supported by a specialist STEM teacher, the needs for separate subject on STEM in the university for pre-service teachers' university programs, and the teachers' ability in STEM to transform creativity and innovation among children.
Three latent factors were constructed according to the belief, understanding, and intention theory. We constructed an initial SEM model (Fig. 2) with those three latent factors and their corresponding indicators (B1~B5, U1~U5, IT1~IT5) as shown in Table 3 .
Based on the initial PLS estimation result, factor loadings of B1 and B2 were all found below 0.4, so they were removed from the modified model (Fig. 3) .
This diagram shows that there is a relationship between beliefs, understanding, and intentions to teach STEM among future pre-service teachers (Kurup et al. 2017) . This is considered as tier 1 the platform. This platform provides a strongly held belief about the need of STEM for the changes in lifestyle practices. Their understandings of science, mathematics, and engineering are minimal and not enough to deal pedagogically to teach these subjects in classrooms; however, they have positive intentions to teach STEM. Further, they would be committed in their future teaching as they consider STEM-related issues important for life. This relationship is considered as the prequel to the present study of identifying the capacity building to teach STEM. The present study focuses on the pre-service teachers' platform from tier 1 towards their capacity to teach STEM in future career.
Capacity building (tier 2)
The major objective of this study is to identify capacity building towards dealing with STEM teaching in their career using their responses to open-ended questions in the questionnaire and connecting it to the quantitative responses (platform from tier1). The responses were read and reread to formulate into categories. It is observed that responses were provided with authenticity as The beliefs generated from pre-service teachers' written responses were focused on five themes; these are resources, leadership, expertise of teachers to integrate STEM, student-centred teaching, and team teaching for future teaching. Some pre-service teachers provided multiple responses in this category and some none. The pre-service teachers' understanding of their confidence tends to be reflected in one of the five categories only. This ranges from confident at present, confident to teach mathematics but not in science and technology, underprepared, not confident with science, and not at all confident to teach STEM. Intentions are focused on five categories such as curriculum; confident STEM teachers; student participation and activity-oriented teaching; creativity, innovation, and interdisciplinary approaches; and STEM should be a specialised subject. Intentions are also provided with sometimes multiple or no response by pre-service teachers.
They also provided responses to what is happening now and what they would like to do in the future. These responses are also based on their professional placement experience in schools and based on what they observe in schools, along with what they learned from their university courses. The descriptions of their views in building their confidence and competence to teach STEM in the future are provided in Table 2 .
Based on their experience in professional placements and from the teaching and learning from the university, pre-service teachers perceived that at present STEM is not effectively taught or learned at the university in their teaching course or evident in their experience of professional placements in schools; however, they expressed that in the future, STEM should become a focus within teacher preparation, building STEM capacity, as aligned to government initiatives. Table 4 and Fig. 4 describe the frequency of responses for beliefs, understandings, and intentions in terms of 
B2
We cannot be innovative and creative unless we have a quality education system.
B3
STEM education can produce skills needed in the future.
B4
Need high-quality teachers at all levels.
B5
Primary schools needed specialist science, technology, and mathematics teachers.
Understanding U1 Attracting high achievers in STEM to primary school teaching.
U2
Boosting the science, technology, and mathematics.
U3
Should have a specialist STEM teacher.
U4
Should be a national professional development.
U5
Primary school principals should be leaders in STEM.
Intention IT1 Teaching STEM will make teaching and learning more interesting and connected to daily life.
IT2
Mathematics is central, and students' success in STEM depends upon understandings and ability to apply mathematics.
IT3
Every primary teacher should be supported by a specialist STEM teacher to build effective STEM education.
IT4
There should be a separate subject in university teacher education programs that are fully focused on STEM.
IT5
Teachers ability, skills, and interest in STEM will transform creativity and innovation among children. open responses coded for their capacity building capability.
The platform generated based on the written responses from pre-service teachers indicated that they believe that resources, leadership, and teachers' ability to integrate are of high significance above 60% as shown in Table 4 and Fig. 4 . Their overall understanding is very poor, and only less than 10% have understanding level 1, which is the overall STEM understanding covering all aspects of STEM. Their intentions are found more than 50% on IQ1 to IQ4, and only IQ5 which is making it compulsory and everyday experience has less than 50% response. These responses were linked to what pre-service teachers responded to with regard to what is happening now and their future needs.
Logistic regressions were used to explore the association of all the questionnaire items and open responses related to the platform (as in Table 5 ) and future capacity building (as in Table 6 ). From Table 5 univariate logistic regression, open responses in belief and intention are all positively related to platform descriptions (p value are all less than 0.05, OR > 1); questionnaire item "attracting high achievers in STEM to primary school teaching" (U1) is negatively related to platform (OR < 1). Multivariate logistic regression in Table 6 showed only BQ1 (OR (95%CI) 4.171 (1.453, 11.977)), ITQ3 (OR (95%CI)10.659 (3.801, 29.892)), and ITQ5 (OR (95%CI) 4.108 (1.410, 11.967)) which are all positively related to platform, and U1 is still negatively related to platform (OR (95%CI) 0.298 (0.116, 0.766)). Univariate logistic regression revealed BQ1-3, ITQ4-5 are all positively related to future needs (OR>1), U1 is still negatively related to future needs, only two variables (BQ1, ITQ4) in multivariate logistic regression were found be positively related.
These results indicate that the pre-service teachers' present understanding of STEM is limited; however, their beliefs and intentions show they recognise the need for capacity to teach STEM in the future. There is high significance in the need for resources in terms of beliefs and with creativity and innovations regarding their intentions.
Since there is minimal understanding about STEM, the connections were made with beliefs and intentions towards what is happening now and future needs, based on the pre-service teachers' responses. Then, the SEM model was used to identify this complex relationship. Figure 5 provides the final modified SEM model by these pre-service teachers. We carried out bootstrapping to check the significance of each indicator (200 samples, 100 Cases). Based on Fig. 5 , we found all of the loadings and inner path coefficients were significant at 5% level of significance. The SEM model depicted in Kurup et al. International Journal of STEM Education (2019) 6:10 includes the loadings of the measurement and path coefficients of the structure model. Table 7 presents the evaluation of the measurement model and loading coefficients, which showed that all factor loadings were higher than 0.4, the CR for each latent variable was above or close to 0.7, and the AVE was always greater than 0.5. Therefore, the measurement models were considered acceptable for the evaluation of the SEM. The R 2 , which is used to measure the model's explanatory power, was 0.437 for "Now", indicating that 43.7% of the total variance in the proportion was explained by "Belief" and "Intention", while 26.7% of the total variance in "Future" was explained by "Belief" and "Intention", and only 13.4% of the total variance in "Intention" was explained by "Belief". All of the path coefficients were statistically significant (p < 0.05) based on bootstrapping. The total effect of "Belief" to "Now" is 0.482 (t = 6.593), "Intention" to "Now" is 0.487 (t = 5.150), "Belief" to "Future" is 0.400 (t = 5.149), "Intention" to "Future" is 0.353 (t = 3.108), and "Belief" to "Intention" is 0.367 (t = 4.205).
Based on these results, it is evident that the platform developed for teaching STEM based on experience in their teaching degree is limited; however, they have positive intentions to take up STEM. They are not seeing any positive initiative at schools, and they have limited confidence to teach science. However, they were suggesting that they should be provided with more opportunities to teach STEM.
Based on this body of evidence, the following overall model can be formulated and this model provides the connections between the platform of primary pre-service teachers towards their capacity to deal with STEM in their future career. At present, teachers are trained with limited understanding and experience of STEM in primary schools; however, they have optimism that is clearly expressed in their beliefs and intentions. Examples of aspects mentioned in terms of beliefs and intentions are resources, leadership, ability to integrate, innovations, and interdisciplinary approaches. This seems an expression of their genuine concern for STEM education and a true reflection. They were very explicit in mentioning their limited understanding. The reflections of what is happening now and what is needed in the future were based on their overall experience of their course including professional placements, and this seems realistic. Statistical significance of the responses provides authenticity to this overall model (Fig. 6 ) of the platform towards the capacity for teaching STEM among future primary teachers.
Implications of this study
Future teachers in this study revealed some of the gaps existing, based on their university education experience and teaching practice in schools during practicum. Based on this, the following future practices could be considered in teacher preparation to build confident, competent, and skilled teachers in STEM. This could lead to the production of twenty-first century skilled workforce in STEM-related fields.
There should be experiences in STEM for future teachers so that they can apply knowledge and skills in actual practices Ability to integrate knowledge and understanding of disciplines to STEM-related experiences Integrated knowledge should have sound pedagogical practices and coherence in the curriculum to implement best practices connected to daily life in STEM-related issues There is a need for ongoing professional development in STEM for all teachers Schools should link school and out-of-school experiences to STEM-related activities.
These practices are basically coming under STEM knowledge base, policies, and practices. Reports like the National Research Council (NRC 2015) and Next Generation Science Standards (NGSS Lead States 2013) highlight the importance of STEM knowledge base at all levels. Policies of STEM education would present clarity with knowledge integration and curricular coherence (Linn et al. 2008 ) so that teachers would be comfortable in teaching STEM with an integrated and interdisciplinary focus. In this context, it would be considered to have connections with STEM industry to showcase STEM actual practice and STEM knowledge in schools. This would provide effective knowledge and disciplinary integration within classroom practices.
Limitations of this study
The present study used self-reported beliefs, understandings, and intentions of pre-service teachers as a platform. The understanding of STEM disciplines like science and mathematics seems limited and is reflected in their quantitative responses. Qualitative responses from which categories are formulated concur this. Analysis of the data revealed that there is a relationship between beliefs and intentions rather than beliefs, understandings, and intentions. We have taken extreme care in the analysis of the data using appropriate statistical techniques. The reality is that this sample of preservice teachers represent only one campus in a metropolitan city in Australia. Care should be taken in broader generalisation based on this study. Regarding the sample size, there is no consensus in the literature what would be an appropriate sample size for using SEM. Some evidence exists that simple SEM models could be meaningfully tested even if the sample size is quite small (Hoyle and Kenny 1999; Marsh and Hau 1999) , but usually, N = 100-150 is considered the minimum sample size for conducting SEM (Tinsley and Tinsley 1987; Anderson and Gerbing 1988; Ding et al. 1995; Tabachnick and Fidell 2001) , and this study has a sample of 119 and is appropriate to use SEM model.
Conclusions
Teachers' platform of knowledge, confidence, and efficacy for teaching STEM influences the students learning and their classroom practices (Nadelson et al. 2013) , and the teachers' ability in integrating background knowledge of technological pedagogical content knowledge to a STEM curriculum seems a challenge to pre-service and in-service teachers (Hofer and Grandgenett 2012) . The demands of a twenty-first century education include challenges to the existing practices, and there is a need to make overall make shifts across education and within the primary level (NRC 2015) . Teachers' beliefs and worldview have a great influence on teaching methods and strategies used (Davis 2003) . There is a gap between beliefs, understandings, and intentions to teach with capacity and confidence, and to bridge this gap, there is a need for innovative practices in teacher preparation and teacher professional development (Barak 2014) . Though there are gender differences in STEM education (Pasha-Zaidi and Afari 2016), however, professional participation studies have shown that all perform equally well (Bergeron and Gordon 2017) . In primary schools, there are more female teachers than male teachers, and in this research, there were more female pre-service teachers as participants. This study revealed that future teachers have strongly held beliefs and intentions for teaching STEM in their future classrooms. The reality they face is the lack of understanding of connections to integrate science, mathematics, engineering, and technology as well as pedagogical approaches to deal STEM based on real-life situations. For building an effective STEM capacity among future teachers, there is a need for policies of STEM that are based on the four-dimensional framework advocated by Bybee (2013) . This would enable the development of resources, leadership, integration, and team teaching as stated by the future teachers in this study to become a reality. The complexities associated with training of teachers, changing classroom practices to achieve an ideal STEM focus, require innovations and decisions from all levels of individuals and governments (Fensham 2016 ). There should be future funded placements in higher education institutions so future teachers can experience place-based STEM pedagogies to build the capacity in dealing with STEM (Adams et al. 2014) . Overall, it is indicated that present university courses or placements are not adequately preparing pre-service teachers to teach STEM in primary schools. Pre-service teachers may have adequate capacity to deal with literacy and numeracy; however, they find it sometimes difficult to deal with science in primary schools in Australia. Pre-service teachers reported that they have not experienced any STEM-based program during their practicum experience indicating that only in few schools it is happening in Australia. Pre-service teachers have intentions to integrate STEM and provide their students with STEM experience; however, they need professional development. This suggests that there should be STEM-focused experience in university teacher education degree program. It is essential to formulate a course work in STEM capable of integrating disciplines, provide understanding of pedagogical approaches and capable of connecting to real life relevance with 21st century competencies. 
